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By Reginald R. Lundstram and Burke R. OrKelly 

Two rocke'c;propelled models t o  test the  jettisonable-nose method of 
pilot  escape were launched  by the Iangley Laboratmy. During the f l igh t  
of the flrst model the nose came off Wing p0war-m f l i gh t  due t o   t he  
malfunction of a release  latch and was damaged by co lus ios   wi th  a wing 
of the main body.  The nose section of the secand model w&s jettfsoned 
successfully at  the end of its p o w e m   f l i g h t  a t  a Mch n-er of 0.87. 
Accelerations produced were w e l l  within human tolerance. The drag-weight 
ra t ios  of nose.& rear bodies mre such that the  deceleration of the nose 

less than that of the rem? body. The shield- effect of the nose on 
the rear body during sepwatian was appreciable asd f a r c i b l e   s e w a t i o n  
appears necessazy. 

A s  the speeds of pi loted  a i rcraf t  advance into  the transanic and 
supersonic ranges, conventional means of pi lo t  escape in cases of ames 
gency appeas t o  be  inadequate.  EJectiau seats of the tspe mentimed in 
reference 1 shcnzld make escape much easier at subsonic speeds, but, in 
t h e i r  present form, t h e i r  use for escape at speeds in excess of 550 miles 
per hour at  ,moderately lar alt i tudes does not appw  p rac t i ca l .  

The  human body is quite sensitive to   acce le ra t ims  and in  any escape 
device  the  accelerations should be  kept at a -far the  safety and 
c d o r t  of the   pi lot .  Refe-rence 2 lists the physiological  effects 
of acceleration.  Became h i g h p e e d  afrplanes Elre expected t o  t ravel  at  
high altitudes, the escape method mmt provide the  pflot  with oxygen until 
a low alt i tude has been  reached. 

One method of escape which appears practical  is to   Jet t ison  the c- 
plete no88 section of the airplane and, after it has been  decelerated t o  
a f a i r l y  1ow;subsonic speed, have the  pilot  leave  the nom section w i t h  
his own personal: parachute.  Reference 3 and recent unpublished low-speed 



. 
The RMXL rmke.ti;propelled teet   -vehicle covered by the present paper 

was sfmilar . to the E3-14 (reference 4) and so constructed that the nose 
could be jettisosed at a station 40.5 inches from its t ip.  The nose e 
seotian had four s tab i l iz ing  fm of 3 2 . k - 1 3 c p r ~ h e s  area each, pama- 

and. the center of gravity was located 60 percent back of the nose. The 
results of previaus tests of a " m a l e  model of this nose ccmfigu- 
ratiun in the lasgley 2Gfoot Fre-pinnlng tunnel (reference 3)  had lndl- 
cated that the fin size selected fcrr this cen"xf*vity  locsticm w o u l d  
give good stabil i ty.  The centeMf-+p?avity position of the jettisomble 
nose W ~ S  made approximately 60 percent back f r a a n  the t i p  became designere 
of jettieanable nose sections for m o s t  research airplanes have famd that 
no practical  laqaut w i l l  give a center"-gravity  location farther fmward. 
The rear body was designed. so  that it would be stable after sel?ara;tion. A 
sketch of the model is shown in figure 1 and a  photograph in figure 2. 
The masGbalance characteristics of the two models used are listed in  
table  I. The model was launched tram a zero length launcher at an 
angle of 600 using methods described i n  reference 4. 

illstalled such that the tr&w cage WBB 8% the St3pa;ratim 5tatj.a 

A sketch at the jett-lsan meohanism is sham i n  figure 3. A mercury 
deceleratian  switch was wed t o  close tbe firin@; circuit- of the jett ison . 
charge and a blay s~SII o f -  approx3ue,tely 0.8 second. was used t o  insure 
ccmplek loss Crp thrust befare ejectian. When. the  jet t isan charge is li 

fired, the pistcm cannd move; the  jettison  cylinder therefore mopes farward 
c ~ z l  the piston, rebasing the toggle latchee. The cyUnder  contfnuee t o  
move farward. off the  piston, carrying the ent5re nose sectiool. with it-. 

I 
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Because. it was f e l t  that- the  failure of a release  latch in  t h e   f i r s t   t e 6 t  
(model A) was due t o  high beazing forces and/or a M a t i n g  moment during 
power-on flight,  bearing  plates as s h m  in figure 4 were installed in 
m a l e 1  B t o  absorb these  forc.es and moments so that they w o u l d  not be 
applied on the  ejection mechanism. 3 

h 

The nose section was equipped wi%h drag flaps w h i c h  were driven radi- 
aLLy outward by a emall electr ic  motor. The flaps started t o  open approd- mateu 2 seconds af ter   e ject ion and were cnmpbte- aut 6 secosds after 
e jectirm, The flaps m e  shown retracted asd qened in   f igures  5 and 6, 
respectively. 

Instrumentation 

A fWhRnnnl telameter was installed in the nose sec t ion   to  tram- 
mit signals fr& four  accelerameters. Three accelercaneters t o  measure 

. langitudinal  (along x-axis), transverse  (along Y & ~ s )  , and normal (along 
-xis of . the  nose section)  acceleratiom were installed in the  jet t is-  
able nose a t  the  locations  given in table II. A longitudinal  acceleram- 
eter  i rs ta l led in   the  rear  body was connected to  the  telemeter in  the 
nose section by a pullrout plug and about 15 feet of excess cable in order 
that readings of relative  acceleration between the two bodies  could be 
obtained during  separation. 

A continuous-wave Doppler r a w  was used to record  velocity and 851 
S~~-584. pulse-type radar was used t o  record  trajectory of the m o d e h .  
Atmospheric conditians  prevailing at  the time of f l i gh t  were obtained. by 
a radiosonde. 

M o d e l  A 

The nose section of model A came off prematurely after 4.65 seconds 
of pazerrrn fl ight  (velocity.  615 f t  per sec; Mach nmiber 0.9) due t o  the 
malfunction of a release latch. The nose yawed t o  the right, become 
detached fram the rem b e ,  and was struck by the  r ight w i n g o  One nose 
f in  was torn  off  but  the  telameter ramained in operation and a record was 
obtained.  Directly after the nose came off, peak acceleratioss of approxi- 
mateu -+1g occurred about various axes due t o  contact and interference 
with  the  rear bodyo Two seconds later these  oscillatiom became more or ' less regulaz a@ had peak values of about 1 g t o  -7g. The telemeter  record 
indicates that the nose section was assuming a h e l i c a l  fUght path. A plot 

figure 7. Since  the nose vas not  forcibly  ejected,  the  aut-tic  switch 
b ' of accelerations against time from 7 seccmde after launching is ehown in 

. t o  the m o t o r  which operates  the  flaps was not  turned on. 

c 
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Model B 
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Model B was launched amoothly and good telemeter signal8 we?% 
received. Rocket thrust decreased after 8.4 seconds of f l igh t  and decelr 
eration of the model ~tarted at 8.6 seconds. The nose waa Jettisoned at  
g086 sc3conds (M = 0.87) producing an instaStaneazs farward acceleration 
on the nose section of' 10.h and ine-tanbeaue transverse and normal 
accelemticxm of 2.4g and 0.75g, respectivelf.  After edecticm, the  drag 
of the nose sectian  prduced a longitudinal  deceleration of about 3.25g.. 
(maximum), gradually decreasing as the speed decreased, The normal and 
transverse acoelerationer a f t e r  sep&ratian were limited t o  small oscil- 
lations of Og t o  103g gaaxinnnp. A plo t  of accelerations again&-time 
during e j e c t i m  ie shown i n  figure 8. 

Readings of the  accelsrameter in the rear section were obtalned for 
about 0.3 second after sepmation, mak3ng it pwsible  t o  cala.ikte the 
drag of the rear body until it was about 5.5 feet behind the no88 section. 
A plot  of the longitudinal  acceleraticma of the nose &,rear  sections,  
immediately folloKing ejection is  s h m  in figure 9. The accelercaneter 
traces m e  rough because the 11088 was o s c i l l a t m .  A plot  of drag coef- 
f ic ient  CD against s0paz.ation distance is e h m  in figure 10, These 
drag  coefficients are based on b&.y cross-secti-on mea a t  t h e   s e p r a t i ~ u  
station.  Since both bodies were Wee, there is no a m m c e  that the nose 
was not displaced scmewb.t laterally ar normdly f r a n  the rear body aa 
tb.ey separa-Ged. 

The con0inuazs"Wave D a p p l e r  radar gave a reo& of the velocitiee at 
both sectiollEl up t o  14.72 seconds, This is preElenttxl as a velocity-time 
plot in  figure ll, and separation velocity-time plot in figure 12. 

A plot of f l igh t  time against altitude as obtained f r a n  the puis+ 
tspe tracking ra-d.8~ is shown in figure 13. The pulse-type radar read 
the r-body position frat separation until 25 secoslds after launching, 
both sections frm 25 t o  26 seconds after lamchbg, and thereafter only 
the nose section. Same intermediate  values were obtained by integrating 
the velocity-"t&ne c m e  plot of' the continuous-wave Doppler record. Also 
included in figure 13 m e  the atmospheric conditiom a t  tine of fLight as  
recorded by-the radiosonde. 

W h i h  there vas no imtrumenbtion t o  record  operation of the flap 
motor, reduction of theadrag data t o  a plot of drag coefficient against 
velocity (fig. 14) indicates that they operated, but in an irregulm 
manner. An int,ogra.tion -of the accrebraanster recard  indicates that the 
te-1 velocity was appror-talg 500 fwwt per Second a t  sea level. 
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The f l igh ts  of RM-ILL models indicate that the nose eec t im should be 
jettisoned after the thrust has been cut off.  T h i s  might not  be  difficult 
t o  do  by having the escape  device also  cut off the fuel supply, but  the 
tW lag between fue l  cu-t;off and comglete loss of thrust>is very  Important. 
Even if the  design were such tk.t the rear body  becasne -table a f t e r  
jettisoning  the.nose, because of the short distance of forcible  separation, 
the  shielding  effect of the nose on the r e a  body, and the  large marment of 
iner t ia  of the rear body, it seems improbable that ejection of the nose 
during p o w e ~ + ~ ~   f l i g h t  could  be accql i shed   sa fe ly .  The f l i gh t  of m o d e l  A 
indicates that the  three fins ramaining on the model after  coll ision with 
the wing were suff ic ient   to  rlRgID out  osciUatians  but  the asymmetry a f t e r  
loss of one f i n  caused the model t o  follow a helical  path. The acceler- 
atians during the  f l ight  indicate that escape might have been possible. 

The f l i gh t  of model B indicates. that the separation phase of escape 
i n  this case w u u l d  not have caused any great  discmf'ort  to a pi lot .  While 
an effor t  was made t o  make the   ra t io  between the  drag and weight of the 
nose asd rear sections of the  order of that of a full-scale  airplane, this 
test  represents  an extreme case in that the aft b e  was stable   af ter  
removal of the nose section. In  the  case of a conventional  airplane,  the 
af t  fuselage after nose release would. probably  be unstable, and, because 
of this, i ts  drag would be greatly  increased. 

The longitudinal acceleration-time curves shown in   f igure 9 indicate 
that the initial push given  the nose section was necessary. When the two 
bodies were 4 t o  5 inches apart, the shielding effect  of the nose on the 
aft body caused the drag of the aft  body t o  be 80 lm that its deceler- 
ation was less than that of the nose. The initial added velocity  given 
the nose section by the  jettison chasge was suff ic ient   to  widen the gap 
until the d&g+eight ra t ios  became favorable. Whether or not this would 
be true in the  case of a full-male  airplane w o u l d  depend  upon the  indi- 
vidual  configuration of the  airplane and nose section. 

One factor that must be given  consideration at  high Mach k e r s  is 
the  deceleration due t o  drag  experienced after  ejection. In figure 15 the 
instantaneous  deceleration  calculated  for a l5OO-pound nose section is 
plotted f o r  th ree   d i f fe ren t   a l t i tubs  using  the RbLl configuration  but 
having l inear dimensions f ive tbm those of the FOGILL. In addition,  the 
average decelerations experienced over a given  elapsed time as ccsnputed 
fram these instantaneous values are also presented for cmpariscm w i t h  
hwnan-tolerance values. The l ine  sharing human tolerance is taken frm 
unpublished data and is f o r  a human body fully extended wlth the a c c e l e  
ations  transverse t o  the human  body. while the  acceleration on the   pi lot  
i n  a jettisoned nose is applied in the same direction, some variation must 
be  expected  because of a p i lo t  having his legs farward i n  a sitting posi t im.  
The p l o t  indicates that the  deceleration due t o  drag is not  serious a t  a 
Mach  number of 2.0 a t  a l t i tudes above 30,000 feet. 
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It ~EEI been folmd that nose flna pr&ce a detrimental effect cm the 
s t a b m t y  o f a  6 q l e t e  airplane, TQe problem of ma.kina retractable fins 
that are of sufficient stiffaess, take up little space, and a h  still * 
capable of be- extended almost instan-lxmeouely is very great. One 
possible method of cauLprcmise might be t o  have the fins permanen-t;ly a t t a o b d  
but able to flat freel;g. They ccruld be locked in poslt-lm aP zero inci- 
dence quickly Etnd with a fairly simple mechaniem. By using this method the 
drag. of the f i u  is present but it w u d d  probably eUnina,te the destabi- 
U z i n g  effect. An investigatian of the effect of such flna on stabi l i ty  
and of suscegtibility t o  f l u t t e r  'would be necessary. 

.. 

B i n c e  the t e d n a l  ve1ocLty of mast jettisoned nose sections w". 
probably be too high far direct escape into the air  strem, acme meaas 0;p 
slciw3~Q dawn ths nose vill probably be necessary. Ih view of the fact that 
it is desirable t o  keep any escape  device as ~imgle as possible, it might 
be desirable to w e  a drag p u a c h t e   t o  decrease the terminal velocity 
rather than drag flaps. 

(3) The drapweight  ratio of such a nose section should 'be &de suf" 
f ic ient ly  less t h n  the drag+might ratio of the mafn body so that COU- 
sion of the two after ejectian is impossible. 

Calculations for the configuration tested indicated that the decelel.- 
ation due t o  drag m the nose section af%er separation will not be 
dangerow to a pi lo t   a t  Mach number 2.0 at altitudes above 30,000 feet. 

Langley Aeronautical Iaboratory 
matianal Advisory Committee for Aeronautics 

Jkngley A i r  Force Base, Va. 
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C q l e t e  model: 
Weight at  launching . . . . . . . . . . . . . . .  
Weight at.burnaut . . . . . . . . . . . . . . .  
C .G. location a t  launchfng, in. f’rcm 

t i p o f n o s e  . . . . . . . . . . . . . . . . .  
C .Go location at  burnout, in. f’rcnn 

t i p o f n o s e  . . . . . . . . . . . . . . . . .  
Jettisonable nme: 

Weight .................... 
C.G. location,  in. from t i p  . . . . . . . . . .  
Mcanent of iner t ia  ( r o l l  axis), ~1ug-f-b~ . . . .  
Mcanent of iner t fa  (yaw axis), sJag-ft2 . . . . .  Mcanent of inertla  (pitch axis), slu@rst2 e . . 

Model A ~ Model B 

252.5 
187.1 
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Accelercrmeter Behind c.g. B e s i d e  c .g. Above c.g. 

M o d e l  A 

Longitudinal 1.86 3 2 5  0.92 
Normal 

3.92 2.57 2.1 Transverse 
3.92 0 4.21 

Model B 

Longitudinal 
Normal 
Transverse 

-1.60 
4.21 
2.1 

pi- 3.43 
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Figure 1.- Sketch of RMU. p ~ ~ s o a p e  test vehiole. - 
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Figure 2.- RM-lJ. pilot-escape test vehlch. 
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P Figure 6.- &ll jettisonable nose. Blaps open. - 
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Figure 7.- portion of accelerameter  curves, RH4.l.A. - 
.. . . . . 
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8 Figure g . - W I J B  longitudinal acceleration of nom and rear body 
during segaration. - 
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Tme from /aunch/ng, sec 

Figure 11.- RM-UB velocity plotted against tlme frcrm Doppler radar. - 
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Figure lh.- WllB drag coefficient of M B ~  
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